Abstract Earlier studies on the association between health systems' economic performance and public satisfaction were based on between-countries comparisons. This approach can be challenged as it ignores the fact that subjective measures like 'satisfaction' might be relative. Cohort analysis is a way of dealing with this issue as it focuses on within-countries comparisons. The association between change in satisfaction with health care systems and change in economic performance, determined by an output-orientated constant returns to scale DEA Malmquist model over the period 1995 to 2000/2002 using OECD data, is explored. The results show that a health care systems' economic performance is not associated with public satisfaction.
This paper presents a methodology that uses a withincountry approach to investigate the association between productivity of health care systems and satisfaction with health care systems. This will be investigated by researching the relationship between change in the health production function and change in satisfaction with the health care system in each European Union (EU 15) country over the periods 1995-2000 and 1995-2002 .
Methods

The data
The data used in the health production function are from the OECD health database [18] , an annual database developed by the OECD Health Policy Unit in Paris. Data about satisfaction with health care systems are from the Eurobarometer survey [11, 16] . Both datasets, OECD and Eurobarometer, are based on the EU 15.
In the Eurobarometer health survey, European citizens in the 15 member states were asked a number of questions related to the running of health care systems in their countries. They were asked their opinion about the need for reforms and the level of health expenditures, and whether they were very satisfied, fairly satisfied, neither satisfied nor dissatisfied, or very dissatisfied with the health care system in their country. For the analysis of the change in satisfaction with the health care system between 1996 and 1999, the percentages of the public that were ''very satisfied and fairly satisfied'' were used. For 2002 this information was not available and for the comparison between 1996 and 2002 the percentages of the public that stated that their health system performs well or that only minor changes are needed were used.
The health production function
The health production function used in this study is based on earlier research that compared health care systems using OECD Health Data [20, 21] . The authors of these latter studies referred to the health status model adopted by the Healthy People 2010 Project [4, 9, 31] . These models include the following determinants of health: (1) available medical care services and health expenditures; (2) the lifestyles, attitudes, and behaviours of the population; and (3) the social environment and population characteristics of a country. However, with only 15 countries it was necessary to limit the number of variables (input and output) in the health production function. The criteria for including variables in the health systems production function were adherence to the determinants of health as described by the Healthy People 2010 Project [4, 9, 31] , whether these variables were used in other empirical studies about health systems comparison, and if these variables were available for the EU 15 countries over at least the same period as the satisfaction with health systems data.
Keeping this in mind, the following input variables were selected: (1) The OECD country's share of GDP allocated to health care. This provides a measure of a country's health care expenditure [2, 3, 21, 32] . It was converted to a real health expenditure measure by dividing the original OECD data by the real volume of GDP in per capita terms (corrected for purchasing power parities); (2) The number of practicing physicians per 1,000 inhabitants, to represent access to health care (responsiveness) [13] . (3) Tobacco use as a lifestyle indicator, measured as the percentage of daily smokers among the adult population. Earlier research has shown that decreasing or abstaining from tobacco consumption increases life expectancy significantly [8, 27] . Other lifestyle variables, for example alcohol consumption, were found not to be statistically significant with respect to health output [8] .
The outputs in the health production function were life expectancy at birth and infant mortality [21, 32] . These two variables are less interrelated than other indicators of the population's health status such as mortality and life expectancy.
Productivity measurement
Productivity growth can be measured using methods that estimate the best practice frontier. These methods derive a country's productivity change from the changes in the inputs and/or outputs that move towards or away from the frontier on the one hand, and the shifts of the frontier on the other hand. Assume that for each country and time period, there exists a production possibility set, S t , describing the transformation of input x t into output y t . This means that, at any point in time, a country faces a best practice frontier, defining the maximum output the country can produce for a given amount of input. A country is not always located on the best practice frontier, but can be located anywhere in the production possibility set. Such a state is referred to as 'technically inefficient'.
Technical progress is continuously taking place in health care and is assumed to lead to productivity gains. There will be a time period t + 1 where new technologies are implemented that were not present at time t. Technical progress over time leads to movement of the best practice frontier. This is illustrated graphically in Fig. 1 . The change in productivity over time is measured by the Malmquist productivity index [5] , which is usually pre- greater than one will indicate positive efficiency change from period t to period t + 1 while a value less than one indicates an efficiency decline. The same applies to technological change (i.e., frontier shift). The Malmquist productivity index can be computed using either linear programming techniques such as data envelopment analysis (DEA) or econometric techniques. Since the work of Färe et al. [12] , it has become popular to calculate empirical Malmquist productivity indices using linear programming techniques. According to Coelli [7] , in the non-profit service sector, where random influences are less of an issue, multiple-output production is important, prices are difficult to define and behavioural assumptions such as cost minimization or profit maximization are difficult to justify, the DEA approach may often be the optimal choice.
Measuring change
Subtracting the values for 1996 from the 1999 and 2002, satisfaction scores respectively, determined the change in satisfaction with health care systems (see Tables 1, 2) . Changes in productivity, efficiency and technology were determined by an output-orientated constant returns to scale DEA Malmquist model over the periods 1995-2000 and 1995-2002, respectively.
Undesirable outcomes
In DEA models it is assumed that outputs should be increased or inputs decreased to improve performance or to reach the best practice frontier. However, our health production function uses, among other variables, infant mortality as output and practicing physicians as input. These variables point in the wrong direction: infant mortality should decrease rather than increase and the number of practicing physicians should increase instead of decrease. We followed Zhu [34] and applied a linear decreasing transformation (of the general form: Y = a -bX). Zhu [34] argues that a linear transformation is a good choice for a DEA model, because it preserves the convexity.
Association between productivity change and change in satisfaction
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Spearman correlation coefficients were calculated. A bootstrap approach was used to obtain 95% confidence intervals.
Results
In Ireland, Sweden, Finland, Denmark and Germany, peoples' satisfaction with their health care system decreased from 1996 to 1999, whereas in the other ten EU 15 countries satisfaction grew (Table 1) . Over the period 1996-2002 more citizens felt that fundamental changes were needed or that a complete rebuild of the system was necessary ( Table 2 ). The correlation between these two measures was high (0.83, P < 0.01). Tables 3 and 4 display the results of the output orientated constant returns to scale DEA Malmquist models. The total factor productivity has increased in all EU 15 countries over both periods, i.e. 1995-2000 and 1995-2002, implying better economic performance. This is almost solely due to technological progress (frontier shift) ( Tables 3, 4) . The results show no correlation between satisfaction and economic performance: the Spearman correlation coefficient between the change in public satisfaction with the health system and the Malmquist economic performance index (1995-2000) was 0.02 (95% CI -0.5, 0.5) and the correlation coefficient for the change in citizens attitudes to major health care reforms with change in economic performance (1995-2002) was 0.00 (95% CI -0.46, 0.47).
No significant bi-variate correlation was found between change in satisfaction with health systems and the following parameters: change in life expectancy, change in infant mortality and change in health expenditures as per- centage of GDP (see Table 5 ). Further, a significant correlation was noted between change in total health expenditures as percentage of GDP and change in infant mortality (P = 0.005).
Discussion
We explored the association between the economic performance of health care and public satisfaction with health care systems by means of 'within country comparisons'. By doing so we took into account that satisfaction is a relative concept that systematically differs between countries.
The results show no association between a health care system's economic performance and change in satisfaction with the health care system. This implies that improving economic performance of health systems may not necessarily improve citizens' satisfaction with those health systems.
These findings are to a certain extent supported by Blendon [2] , who compared World Health Organization (WHO) efficiency rankings for 17 industrialised countries (EU15 plus the United States and Canada) with perceptions of their citizens and found, using a between-countries approach, a non-significant negative relation between public satisfaction with health care systems and economic performance of health care systems (Spearman's rho -0.235).
According to Sitzia and Wood [30] , the provision of health care, measures of accessibility, availability and convenience are consistently associated with higher satisfaction. All these variables represent determinants of 'economic' performance and as such might be included in a production function together with other economic variables. The nature of the relation of these variables, together in a production function, and satisfaction with the health systems is, however, not explored. Blendon et al. [3] suggest that, among the countries surveyed, public satisfaction was associated with levels of health care spending per capita. Regarding the public's attitude to health spending, the public offers support for increasing health expenditure but it opposes raising taxes or health insurance contributions. Mossialos [16] also concluded that satisfaction might be related to higher spending on health care. These results were explored in a between-countries comparison construct.
According to Simon [29] , when, on an individual level, health system performance falls short of the level of aspiration, the level of aspiration begins to adjust itself downward until goals reach levels that are practically attainable. At a certain point in time people might well be unsatisfied with their health system. At a later point in time, under circumstances in which health system performance might be constant or has even decreased over time, it is very well possible that satisfaction with the health care system has increased compared to the earlier time point as aspiration levels have adjusted downward. This conceptual reasoning could very well explain our findings.
Our production function assumes that a better health care system that strives to perform best optimises the relationship between life expectancy, infant mortality, and physician density, total health expenditure and tobacco use. However, these domains may not be visible to average citizens and consequently do not enter their utility function directly. Thus, it might be that the general public is unaware of technological progress and efficiency gain, because Is there an association between economic performance and public satisfaction in health care? 283 the health care system is not transparent for most individuals in as far as they do not experience it themselves. Consequently, these individuals focus mainly on the private expenses they experience due to tax increases and higher contributions for their health-insurance policies. Laine et al. [15] showed that there might be a trade-off between efficiency and quality of care. They found that certain quality of care indicators were negatively associated with efficiency. On the other hand they also found that other quality indicators were positively associated with efficiency. It might be that, on average, these developments compensate each other and result in overall low correlation coefficients. This can be seen in a study by Kerssens et al. [14] , who found a mean correlation between quality of GP care and WHO overall performance of 0.11, ranging from 0.85 (my GP has a good understanding of my problems) to -0.31 (my GP makes sure that I can see a specialist within 2 weeks of being referred).
Our study has some limitations. The small sample size (n = 15) might limit the robustness of the results. The choice of variables in the production function of this study is debatable. Much of the critique of the World Health Report [32] had to do with completeness of the production function and the choice of the inputs [17, 22, 23] . However, it should be noted that the variables in our production function are well-accepted inputs and outputs for production functions on a health system level and are often used in empirical studies on health system performance. Despite the general acceptance of the output variables in our production function, it may be that, for example, ''life expectancy at birth'' could be better measured in terms of healthy life expectancy. However, healthy life expectancy as a variable might be valid in a cross-sectional comparison approach but limited in a longitudinal approach as The World Health Report 2003 [33] , describes: ''Healthy life expectancies for 2002 are not comparable with those published for 2001 due to the incorporation of new epidemiological information''. Although the variables in our health production function are well chosen, as argued above, it should be acknowledged that this function is far from complete due to methodological restrictions. The discussion surrounding the WHO report [32] showed that there is rarely a consensus about the choice of outputs to be measured. This choice is essentially a political choice. Our research did not focus on the political choice, nor was it intended to do so. For that particular kind of research, alternative approaches such as conjoint analysis and multilevel models may be more useful to policymakers.
It should be noted that this study does not intend to benchmark individual country's health systems but presents a within-countries approach and an exploration of the association between health system performance and satisfaction with that health system. Public satisfaction with the health care system is important. Policymakers aim to satisfy both the public and the need for productivity gain in health care. However, one should remain aware that focussing on economic performance does not necessarily lead to people becoming more satisfied with their health care system.
